A typical force-velocity relationship is expressed as a hyperbolic curve for the muscle shortening phase and an inverse hyperbolic curve for the lengthening phase. However, the torque-velocity relationship of the lengthening phase for human muscles does not necessarily replicate the extent of increase in force as shown in animal studies [1] . Although several studies have reported the torque-velocity relationship of the elbow flexors, findings are not conclusive. Since only two maximal eccentric actions have been shown to induce decreases of approximately 20% in maximal isometric strength [2] , it seems reasonable to assume that repeated eccentric torque measurements affect the torque values of the torque-velocity relationship. Therefore, the aim of this study was to determine the eccentric torque-velocity characteristic of human elbow flexors by considering the effect of muscle damage.
Introduction
A typical force-velocity relationship is expressed as a hyperbolic curve for the muscle shortening phase and an inverse hyperbolic curve for the lengthening phase. However, the torque-velocity relationship of the lengthening phase for human muscles does not necessarily replicate the extent of increase in force as shown in animal studies [1] . Although several studies have reported the torque-velocity relationship of the elbow flexors, findings are not conclusive. Since only two maximal eccentric actions have been shown to induce decreases of approximately 20% in maximal isometric strength [2] , it seems reasonable to assume that repeated eccentric torque measurements affect the torque values of the torque-velocity relationship. Therefore, the aim of this study was to determine the eccentric torque-velocity characteristic of human elbow flexors by considering the effect of muscle damage.
Methods
Twenty subjects (10 males and 10 females) were recruited for the study after obtaining approval from the Institutional Ethics Committee. Their average (±SD) age, height, and weight was 26.4 ± 6.2 yrs, 174.0 ± 7.7 cm, and 69.3 ± 11.5 kg, respectively. Subjects were seated on a preacher curl bench set close to an isokinetic dynamometer (Cybex 6000, Ronkonkoma, NY, USA) with their dominant arm supported at 45° of shoulder flexion on the bench. Subjects were familiarised with the testing protocol, and participated in two testing sessions (test 1 and test 2) separated by 7 days. Maximal isometric torque was measured at an elbow joint of 90° prior to each isokinetic eccentric torque measurement at four different velocities; in the order of 30°, 90°, 150° and 210°·s
, and a measurement at 30°·s -1 was repeated after the 210°·s -1 . The range of motion for the isokinetic torque measurements was 80°, moving from 60° to 140° of elbow flexion (full extension:180°). The interval between sets of isometric and isokinetic torque measurements was 120 s, with two recordings taken at each contraction mode. Isometric contractions lasted for 4 s and each measure was separated by 60 s of rest, and a further 60 s of rest was provided before dynamic movements. Prior to the eccentric torque measurement at each velocity, two sub-maximal eccentric actions at the velocity were performed with 30 s between actions. Each maximal eccentric contraction was separated by 60 s of rest. The peak torque from the two isokinetic torque measurements at each test velocity were averaged and normalised for each subject in relation to his or her average peak isometric torque. Two-way repeated measures ANOVA was used to determine the difference between tests 1 and 2, and one-way repeated measured ANOVA was used to detect the changes in isometric torque over the five testing occasions and differences in eccentric torque at different velocities. Statistical significance was set at P<0.05.
Results
Intra-class correlation coefficient ranged from 0.96-0.99 for isokinetic torques at different velocities, and 0.98 for isometric torque. Coefficient variation for isokinetic and isometric torques was 6.3-9.1%, and 6.4%, respectively. Since no significant differences in any of the torque measures were evident between tests, the mean values were combined and used for further analyses. Isometric torque decreased significantly over the five measurements, with the final recording being significantly lower (10.2 ± 2.6%) than the first. All eccentric torque measures at the four different velocities were significantly higher than the isometric torque, ranging from 17.6 ± 3.0% at 30°·s -1 to 12.6 ± 2.5% at 210°·s -1 , and no significant differences among the four velocities were evident (Fig.1) . The eccentric torque at the velocity of 30°·s -1 re-measured following the 210°·s -1 was significantly lower than the initial value by 10.7 ± 3.4%.
Discussion/Conclusion
This study appears to be the first to consider muscle damage when determining the torque-velocity relationship of the elbow flexors. Isometric torque decreased approximately 10% from the first to fifth measurements, with the eccentric torque at 30°·s -1 decreasing similarly (~10%) after 8 maximal eccentric torque measurements, suggesting that muscle damage was induced from repeated eccentric torque measurements. After adjusting the torque-velocity relationship by taking the muscle damage effect into account, this study demonstrated that eccentric torque exceeded isometric torque by approximately 15% with no significant influence of angular velocity (Fig. 1, dotted line) . The adjusted torque-velocity relationship obtained in the present study is consistent with the previously reported results by Hortobagyi and Katch [3] .
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